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This paper presents the estimation of Mean Sea Level (MSL) heights across Oman using Geodesy and
Global Navigation Satellite Systems (GNSS) techniques. Static GNSS data were collected using a Le-
ica Viva Geosensor GS14 receiver with a CS15 Field Controller. The receiver was connected to the
Oman Continuously Operating Reference Station (CORS) Network, under the control of the National
Survey and Geospatial Information Authority (NSGIA) and provided centimeter-level positioning ac-
curacy. The CORS network uses Global Positioning System (GPS) from the USA and Global’naya
Navigatsionnaya Sputnikovaya Sistema (GLONASS) satellite signals from Russia to establish coordi-
nate solutions based on the Oman National Geodetic Datum 2017 (ONGD17) geodetic datum. Oman
Geoid Model was used get the geoid separation (N) which is then used to convert the ellipsoidal heights
obtained from GNSS to the orthometric heights for ten surveyed points. These values are then com-
pared to MSL heights provided by NSGIA. The smallest difference was found to be 0.028cm, largest
7.40cm with an average difference of 2.05 cm and a standard deviation of 2.17cm. The results indicate
that high-accuracy determination of MSL heights using GNSS techniques is technically achievable in
Oman. This can be effectively accomplished by properly applying the highly accurate local geoid model
developed by NSGIA to convert GNSS-derived ellipsoidal heights into reliable orthometric heights.

© SEECMAR | All rights reserved

1. Introduction.

Application such as engineering designs, simulation of flood,
hydrographic surveys, management of large infrastructures and
topographic mapping of terrain requires accurate Mean Sea Level
(MSL) heights determined through geodesy. Traditionally, MSL
heights have been obtained through precise levelling. This method
although is very accurate but labourious, time consuming and
not suitable for inaccessible areas. These problems are solved
by Global Navigation Satellite Systems (GNSS) which is a satellite-
based positioning technology.GNSS offers faster and flexible
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data collection covering those areas also which can not be cov-
ered by levelling survey.[1]

GNSS provides heights with respect to a mathematical el-
lipsoid called World Geodetic System 1984 (WGS84), which
are significantly inaccurate and therefore can not be used for en-
gineering and mapping applications. Hence these heights need
to be corrected using an accurate geoid model to obtain MSL
heights. The geoid represents the Earth’s equipotential grav-
ity surface approximated to MSL. GNSS derived orthometric
height accuracy therefore depends heavily on the quality of the
regional geoid model [2].

National Survey and Geospatial Information Authority (NS-
GIA) which is the national mapping agency of Oman has es-
tablished several geospatial infrastructures such as Oman Na-
tional Geodetic Datum 2017 (ONGD17) datum and a nation-
wide network of 47 Continuously Operating Reference Stations
(CORS). This network provides real time kinematic and post
processing corrections to improve the accuracy of GNSS en-
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abled ellipsoidal height determination. Oman Geoid Model
then allows the conversion of GNSS-derived ellipsoidal heights
into orthometric heights consistent with the national vertical
reference system.

Even with availability of these geospatial infrastructure,
checking the reliability and estimation of accuracy of GNSS
ellipsoidal heights in Oman remains important especially con-
sidering the varied topography of Oman. This research attempts
to study the feasibility and assess accuracy of corrected GNSS
heights from Oman Geoid Model.By comparing the resulting
orthometric heights with precise spirit-levelled heights provided
by NSGIA, the study offers capabilities, limitations, and poten-
tial improvements for GNSS-based height determination in the
Sultanate of Oman.

2. Geodesy And Mean Sea Level (MSL) Heights.

The accuracy of GNSS height measurements largely de-
pends on the representation of Earth’s physical surface. In geo-
desy, the Earth’s physical surface is considered close toan ellip-
soid, which serves as the reference datum [3]. GNSS uses the
WGS84 reference ellipsoid to determine ellipsoidal heights (h).
However, these ellipsoidal heights do not represent true phys-
ical heights and therefore must be converted to MSL heights,
referred to as orthometric heights (H) [4]. This conversion is
achieved using a gravimetric geoid model, which provides the
geoid height (N). As shown in Fig. 1, the geoid height repre-
sents the separation between the geoid and the ellipsoid.

Figure 1: Diagram showing relationship between h, H and N
[5].

Source: Authors.

3. GNSS.

3.1. What is GNSS?.

GNSS is a space-based system that provide positioning, nav-
igation, and timing services anywhere in the world. GNSS
operates continuously, day and night, and is independent of
weather conditions. It provides real-time data that is fairly ac-
curate, economical, and significantly faster compared to tradi-
tional land-based surveying methods [6].

3.2. Global and Regional GNSS.

GNSS consist of both global and regional satellite constel-
lations. Global GNSS systems offer worldwide coverage and
operate continuously to support users anywhere on Earth. The
main global constellations include the United States’ GPS [13],
Russia’s GLONASS [14], the European Union’s Galileo [15],
and China’s BeiDou or BDS or Compass [16]. These GNSS
constellation send signals from medium Earth orbit satellites
and form the backbone of modern navigation by delivering con-
sistent and reliable global positioning, navigation and timing
data. Unlike global GNSS, regional GNSS systems are created
for specific countries with improved accuracy and signal avail-
ability. Indian Regional Navigation Satellite System (IRNSS)
also called Navic and Quasi-Zenith Satellite System (QZSS)
are the two regional GNSS existing so far., Both these regional
GNSS improve performance within India and Japan respec-
tively, by providing stronger, more precise signals. While global
GNSS guarantees broad coverage, regional GNSS support them
by offering improved accuracy and reliability where needed, es-
pecially in areas with challenging terrain or dense urban envi-
ronments. [7] The global and regional GNSS classification is
depicted in Fig. 2.

Figure 2: Global and Regional GNSS.

Source: Authors.

4. Oman Cors Network.

OmanCORSNet, created by NSGIA in 2016, uses the GPS
and GLONASS satellite constellations and continuously records
GNSS signals over 47 stations distributed throughout the coun-
try. Each of these stations are equipped with Leica AR10 an-
tenna and GR25 GNSS receiver. This network provides real-
time and post-processing positioning services to GNSS survey-
ors within the Sultanate of Oman. The system minimizes signal
distortion and enhance positioning quality, enabling centimetre-
level accuracy [8]. Fig. 3 shows the locations of all 47 CORS
stations across Oman.
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Figure 3: Map showing OMAN CORS network.

Source: Authors.

Considering the high cost of antenna and recievers, safe and
secured places such as government offices are selected to install
these stations which also ensures uninterrupted power supply
and stable network connectivity. Details available for each sta-
tion [9] are illustrated in Fig. 4.

Figure 4: Picture showing CORS Station at NSGIA with its
details.

Source: Authors.

5. Equipment Used And Survey Methodology.

To determine the most suitable date and time for data col-
lection, GNSS planning was carried out before the start of the

survey. GPS and GLONASS constellations were selected, and
only healthy satellites were included from the constellation li-
brary. A cutoff angle of 15 degrees was chosen as it maintains
an average visibility of 8–10 satellites throughout the survey pe-
riod. The planning provides charts showing satellite elevation,
the number of available satellites, Dilution of Precision (DOP)
values, satellite visibility, and ionospheric conditions. The DOP
values were found to be less than 2, confirming that the selected
survey time was excellent for GNSS observations.

Figure 5: Leica GS14 and CS15 and the Field Survey set up.

Source: Authors.

For the field measurements, a Leica Viva GS14 Geosensor
paired with a CS15 field controller was used as shown in Fig.
5. This equipment is a dual-frequency, survey-grade receiver
capable of delivering centimetre-level accuracy [10]. The re-
ceiver was connected to the Oman CORS network via the in-
ternet to obtain Real-Time Kinematic (RTK) corrections, fur-
ther improving accuracy. The Oman CORS network is designed
to support height determination based on the ONGD17 datum.
The static GNSS method was adopted for the observations, and
each of the ten points was observed for 30 minutes with a data
recording interval of 5 seconds. The data were stored in Leica’s
.e00 raw data format and processed using Leica Geo Office soft-
ware. The computed ellipsoidal heights are presented in Table
1.

Table 1: Data Collected in the Field.

Source: Authors.
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6. Oman Geoid.

Geoid is the term most appropriate to the irregular Earth
surface. It does not have a mathematical representation, but it
is the equipotential surface at mean sea level. Many researchers
have attempted to represent its shape mathematically, but even
to get somewhere near requires a series with 18th degree terms
[4].

The gravimetric Oman geoid model was developed by NS-
GIA in 2016 using the Residual Terrain Model (RTM) method
and the GRAVSOFT software package. The model incorpo-
rated Shuttle Radar Topographic Mission (SRTM) digital ele-
vation data with 3′′×3′′ and 30′′×30′′ resolution, which were
transformed to the geoid level defined by the Earth Gravitation
Model 2008 (EGM08) spherical harmonic coefficients. Addi-
tional datasets included historical Petroleum Development Oman
(PDO) gravity data, new terrestrial gravity measurements col-
lected at approximately 6,000 points using the Cintrex CG-5
gravimeter and referenced to the International Absolute Grav-
ity Basestation Network (IAGBN), airborne gravity data, and
bathymetric information from the General Bathymetric Chart of
the Oceans (GEBCO) provided by the British Oceanographic
Data Centre (BODC) at 30′′ (∼1 km) resolution [12] [5]. A
set of 35 first-order and 267 second-order GPS-on-benchmark
points was supplied by the NSGIA. Furthermore, three new
levelling lines with GPS observations on selected benchmarks
were included for testing and fitting the geoid [11]. The final
fitted Oman geoid model appears as shown in Fig. 6.

Figure 6: Oman Geoid Model produced by NSGIA.

Source: Authors.

7. Results And Conclusion.

For the corresponding Easting and Northing coordinates of
the ten points, N values were extracted from the Oman Geoid
Model using ArcGIS Desktop. These N values were then sub-
tracted from the ellipsoidal heights to compute the orthometric

heights. The actual MSL heights obtained from spirit levelling
were compared with the orthometric heights derived from the
geoid model. The absolute differences between the two height
sets were calculated, as presented in Table 2.

Table 2: Data Showing N, Orthometric Heights and the Differ-
ence.

Source: Authors.

The computed orthometric heights (H) closely match the
spirit levelling MSL values across all points. Eight out of ten
points show differences ≤ 2.4 cm, which is excellent for GNSS
+ geoid-based heighting for Engineering and topographic sur-
veys. This reflects that the Oman Geoid Model is a reliable
geoid model with good GNSS observation quality justifying
proper application of H=h−N equation.

Point F (0.000 m) shows a perfect match between ortho-
metric and MSL height. Points G, H, I, and C also show sub-
centimetre to ∼1 cm differences. These points demonstrate the
practical equivalence of GNSS-derived heights to spirit level-
ling when conditions are favourable. Point D (0.074 m) stands
out with the largest discrepancy (∼7.4 cm). Possible reasons
include local levelling errors, GNSS multipath or poor satellite
geometry or Small-scale geoid undulations not fully captured.

Statistically and practically, the dataset shows excellent agree-
ment between GNSS-derived orthometric heights and traditional
spirit levelling. With an average difference of just about 2 cm,
the results strongly support the reliability of GNSS + geoid-
based height determination for local surveying applications. The
single larger deviation appears to be an isolated case rather
than a systematic issue, reinforcing confidence in the overall
methodology.

Notable contributions of this work include the validation
of GNSS/geoid-based height determination for engineering ap-
plications, assessment of the Oman Geoid Model, reduced de-
pendence on time-consuming traditional spirit levelling, provi-
sion of a practical reference dataset for education and profes-
sional training, and support for local engineering and mapping
projects.
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